Introduction V ariceal hemorrhage due to portal hypertension is one of the severe complications observed in patients with liver cirrhosis. Despite the recent progress in its treatment, variceal hemorrhage still carries a mortality rate of up to 20% within six weeks of the bleeding episode.
(1-3) Although esophagogastroduodenoscopy (EGD) is the gold standard method to determine whether a cirrhotic patient should undergo a prophylactic treatment for variceal hemorrhage, (4, 5) EGD is an expensive and uncomfortable burden for patients.
Recently, several noninvasive biomarkers of liver fibrosis have been examined to predict the presence and bleeding risk of varices in cirrhotic patients, (6) (7) (8) based on the significant relationship between the progression of liver fibrosis and portal hypertension. However, few clinical parameters have been shown to be associated with the presence of treatment-requiring high-risk varices in patients with well-compensated cirrhosis (Child-Pugh class A status), although noninvasive screening tests would be particularly useful for these asymptomatic cirrhotic patients. Furthermore, the relationships between the parameters of metallic metabolism and the endoscopic findings of esophageal varices have been poorly investigated.
Zinc is required for the activation of approximately 300 different metallo-enzymes and metal-activated enzymes in vivo, and is therefore considered to be one of the most important trace elements. (9) (10) (11) (12) Zinc deficiency reduces various important vital functions, including protein synthesis, immunological reactions, skeletal growth and maturation, gonadal development, pregnancy and appetite. (13) The serum and hepatic zinc concentrations are decreased in patients with chronic liver diseases (CLD), and zinc depletion has been suggested to accelerate liver fibrosis. (14) (15) (16) In the present study, we investigated the relationship between the histological grading of liver fibrosis and the blood zinc concentration in patients with hepatitis virus infection (hepatitis B virus: HBV or hepatitis C virus: HCV)-related CLD. We further analyzed the relationships of the zinc values with the endoscopic findings of esophageal varices in the compensated cirrhotic patients (Child-Pugh class A status) with hepatitis virus infection.
Materials and Methods
Patients and methods. In order to examine the relationship between the zinc concentration and the progression of liver fibrosis in CLD patients, we studied 576 patients with hepatitis virus infection who had undergone a percutaneous liver biopsy from January 2008 to July 2012. The chronic HBV infection was diagnosed based on a positive HBsAg status for at least six months. HCV infection was also diagnosed by the detection of HCV antibodies and HCV-RNA in the serum. Liver biopsy examinations were performed using the standard techniques. All liver samples were evaluated by well-trained pathologists at our institute with regard to the fibrosis stage and activity grade. Fibrosis was staged on a scale of F0-F4 (F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare septa; F3, V numerous septa without cirrhosis; F4, liver cirrhosis) according to the METAVIR scoring system. (17) The histological evaluation of the biopsy tissues was also routinely performed in our department. All authors participated in the conferences about the histological evaluation, and the final results were confirmed by two authors (H.E and H.I) who received training for histological studies.
EGD was routinely performed in CLD outpatients at our institution according to the standard techniques. Esophageal varices detected by EGD were graded as I-IV according to the Paquet grading system, (18) and the presence of red signs on the varices was also evaluated. Patients with large varices (grade III-IV) or small varices with red signs were categorized to have treatmentrequiring (high-risk) varices. All hepatitis virus-related compensated (Child-Pugh class A) cirrhotic patients admitted to our department for the treatment of esophageal varices from January 2008 to July 2011 were included in the present study as the "highrisk varices group". Liver cirrhosis as the cause of portal hypertension was diagnosed by histological criteria and/or by the clinical (laboratory, endoscopic and/or ultrasonographic) findings.
In order to assess the zinc values in the compensated (ChildPugh class A) cirrhotic patients without high-risk varices, we enrolled consecutive HBV or HCV-positive CLD patients who had been diagnosed with cirrhosis (F4 stage) by liver biopsy, but who were confirmed not to have treatment-requiring risky varices by the EGD examination within two months of the liver biopsy. The patients whose endoscopic findings were difficult to evaluate properly because of the past history of endoscopic treatment or the absence of EGD within two months of liver biopsy were excluded. The cirrhotic patients who did not have high-risk varices were categorized into two groups; patients without detectable varices were classified as the "no varices group" and patients with small varices without red signs were classified as the "low-risk varices group".
In the present study, the values of two biomarkers of liver fibrosis (the APRI, the AST-to-platelet count ratio index and FIB-4) were calculated. The APRI and FIB-4 values were determined according to the formulas reported by Wai et al. (19) and Vallet-Pichard et al. (20) respectively: APRI = 100 × (AST level/ upper limit of normal)/platelets [10 9 /L] and FIB-4 = Age
), in which the age of the patient is the age at the time of liver biopsy. In addition, we included the data of the branched-chain amino acids to tyrosine ratio (BTR) that is an indicator of amino acid imbalance, since we previously reported that the BTR value was associated with the progression of liver fibrosis and development of esophageal varices. (21) All blood samples were obtained on the day of liver biopsy or endoscopic treatment for esophageal varices, and patients without a complete data set on the day of the liver biopsy or the endoscopic treatment were excluded from the study. Patients with the following conditions were also excluded from the study: the presence of other liver diseases, using immunosuppressive therapy, HIV virus co-infection. The study conformed to the ethical guidelines of the declaration of Helsinki, and written informed consent regarding the liver biopsy and use of clinical data was obtained from all patients on admission. This study was approved by the ethics committee of the institutional review board.
Statistical analysis. In the present study, we attempted to clarify whether the zinc value was associated with the progression of liver fibrosis in hepatitis virus-related CLD. The data for the comparisons among the groups "F0-1 vs F2 vs F3 vs F4" were evaluated by a non-repeated measurements ANOVA, and the statistical significance was further investigated with the Bonferroni correction. We also investigated whether the zinc values differed among the three groups ("no varices group", "low-risk varices group" and "high-risk varices group"). The data for the comparisons among the groups were analyzed by a non-repeated measurements ANOVA with a subsequent Bonferroni correction. We also investigated whether the zinc concentration differed between the groups with or without varices, and the differences in the baseline characteristics of the two groups were also compared. In addition, we evaluated whether the zinc values were different between the groups with and without high-risk (treatment-requiring) varices. Quantitative variables with a normal distribution were expressed as the mean values ± SD, and those with an abnormal distribution were expressed as the median values (range). The statistical analysis between two groups was performed using Student's t test or the Mann-Whitney U test, as appropriate. Statistical analysis was performed with the JMP 9 (SAS Institute Inc., Cary, NC).
Results
The zinc values decrease with the progression of liver fibrosis in patients with hepatitis virus related CLD. A total of 576 patients with HBV or HCV-related CLD were included in this study to investigate the association between the zinc value and the histological progression of liver fibrosis, based on the criteria described in the "Patients and methods" section. The characteristics of the patients are summarized in Table 1 . The population included 265 (46%) males and 311 (54%) females, and the age of patients ranged from 23 to 83 years old (median 61 years old). The METAVIR liver fibrosis staging (17) showed that 328 (57%) patients had significant fibrosis (F2-F4), 236 (41%) patients had severe fibrosis (F3-F4) and 109 (19%) had cirrhosis (F4). The zinc values in the HBV or HCV-positive CLD patients decreased with the progression of liver fibrosis (Fig. 1) .
Characteristics of the hepatitis virus related compen sated cirrhotic patients and the clinical data. Since several biomarkers of liver fibrosis were shown to be related to the presence and/or bleeding risk of esophageal varices, (6) (7) (8) we next investigated whether the values of zinc were associated with the severity of esophageal varices in patients with hepatitis virusrelated compensated cirrhosis (Fig. 2) . Of the HBV or HCVpositive CLD patients in our department, 49 patients were found to have a high risk of variceal bleeding because they had large varices (grade III-IV) or small varices with red signs. In these patients with hepatitis virus-associated cirrhosis, the Child-Pugh classification was grade A in 19 patients, grade B in 28 patients and grade C in two patients. The 19 patients with Child-Pugh class A were first categorized as the hepatitis virus-related compensated cirrhosis with a high risk of variceal hemorrhage ("high-risk varices group").
Next, in order to determine the characteristics of the compensated cirrhotic patients with a low risk of variceal bleeding, we examined the 109 patients who were categorized as compensated cirrhotic patients (109 patients with a METAVIR score of F4, as shown in Fig. 1) . Among the 109 patients, six patients were excluded because of advanced liver cirrhosis. In addition, 47 patients whose variceal conditions were difficult to properly evaluate because of their past history of endoscopic treatment for varices or the absence of EGD within two months, were also excluded. Of the remaining 56 patients, 55 patients were confirmed to have a low risk of variceal bleeding; 31 patients were diagnosed with liver cirrhosis without detectable varices ("no varices group") and the 24 patients had small varices without red signs ("low-risk varices group"). One patient who had large varices (grade III) was classified as a patient with a high risk of variceal bleeding; thus, a total of 20 patients were finally enrolled as the "high-risk varices group" (Fig. 2) . The characteristics of all 75 compensated cirrhotic patients (31 patients in the "no varices group", 24 patients in the "low-risk varices group" and 20 patients in the "high-risk varices group") are shown in Table 2 . The population consisted of 42 (56%) males and 33 (44%) females, and the age of patients ranged from 23 to 82 years old (median 64 years old).
The zinc value is associated with the severity of varices in patients with hepatitis virus related compensated cirrhosis.
As shown in Fig. 3 , the zinc concentrations were decreased as the bleeding risk increased, suggesting that a low zinc value was correlated with the severity of the endoscopic findings of varices in the compensated cirrhotic patients (Child-Pugh class A status) with hepatitis virus infection.
We also examined the differences in the zinc values between the patients with varices and patients without varices. Comparing the 44 patients with varices (the "high-risk varices group" and the "low-risk varices group") and 31 patients without varices (the "no varices group"), the zinc value was significantly lower in patients Fig. 1 . The values of zinc in relation to the METAVIR histological grading for liver fibrosis in patients with hepatitis virus (HBV or HCV) related disease. The zinc value decreased as the fibrosis progressed. There was a significant difference between the F0/1 vs F4 and F3 groups. There was also a significant difference between the F2 vs F4 groups. Fig. 2 . The algorithm used for the classification of the hepatitis virus (HBV or HCV) positive patients with compensated (Child-Pugh class A) cirrhosis. Of the CLD patients in our department, 49 HBV or HCV positive patients were found to have a high risk of variceal bleeding because they had large varices (grade III-IV) or small varices with red signs. In these hepatitis virus related cirrhotic patients, the 19 patients with Child-Pugh class A were enrolled as the hepatitis virus related compensated cirrhotic patients with a high risk of variceal hemorrhage ("high risk varices group"). Of the 109 patients with a METAVIR score of F4 (shown in Fig. 1) , we excluded the patients with the following conditions: Child-Pugh B status (n = 6), without proper evaluation of varices due to a past history of endoscopic treatment or the absence of EGD within two months (n = 47). The remaining 56 patients were enrolled in the present study, and 55 patients were categorized as having compensated cirrhosis with a low risk of variceal bleeding; 31 patients were diagnosed with liver cirrhosis without detectable varices ("no varices group") and the remaining 24 patients had small varices without red signs ("low risk varices group"). One patient with large varices was categorized as a Child-Pugh A patient with high risk varices, so a total of 20 patients were finally enrolled as the "high risk varices group". with varices than that in patients without varices, suggesting that a decreased zinc value was associated with the presence of varices in patients with hepatitis virus-related compensated cirrhosis ( Fig. 3 and Table 3 ). The zinc value was found to be significantly lower in the presence of varices, while the ALP value was higher and the AST, ALT, albumin, prothrombin time (%) and hemoglobin values were lower. BTR, which is an indicator of amino acid imbalance, was significantly lower in patients with varices. However, the values of two well-known fibrosis-related markers, APRI and FIB-4 indices, were not significantly different between the two groups (Table 3) .
When we compared the 20 patients in the "high-risk varices group" with the 55 patients in the "no varices group" or the "lowrisk varices group", the zinc value was significantly lower in the patients in the "high-risk varices group" (Fig. 3 and Table 4 ), suggesting that a low zinc value is related to an increased risk of variceal hemorrhage. We also found a significantly lower ALT, hemoglobin and BTR level, as well as a lower percentage of female patients, in the "high-risk varices group" ( Table 4) . The values of APRI and FIB-4 indices, were not found to be related to the presence of high-risk varices. Furthermore, among all of the blood parameters examined, the zinc value showed the smallest p value (p = 0.009<0.01) regarding the comparison between the two groups with or without a high risk of varices.
Discussion
Despite the importance of EGD examination to evaluate the risk of variceal hemorrhage, (4, 5, 22, 23) many patients are unable or unwilling to undergo the uncomfortable examination. In particular, patients with a well-maintained liver function and Child-Pugh class A status, who do not have any apparent clinical symptoms, are often reluctant to undergo the endoscopic study. However, esophageal varices are present in about 40% of patients with compensated cirrhosis and in 60% of those with decompensated There was a significant difference between the "no varices group" vs the "low risk varices group", and the "low risk varices group" vs the "high risk varices group.
disease and ascites, (24, 25) and it is therefore important to identify a non-invasive biomarker related to the presence and the bleeding risk of varices even in compensated (asymptomatic) cirrhotic patients.
Although several biomarkers of liver fibrosis have been proposed to predict the presence of varices, few studies have investigated the relationships between the endoscopic variceal findings and the fibrosis-related markers in compensated cirrhotic patients with well-maintained liver function (Child-Pugh class A status). In particular, there have been few studies regarding the association between the metabolic parameters and the endoscopic findings of varices in compensated cirrhotic patients, although a recent study showed the relationship between insulin-resistance and the development of esophageal varices. (26) We previously investigated the ratio of two glycated proteins (glycated albumin, GA and glycated hemoglobin, HbA1c) proteins in patients with CLD, and reported that this ratio (the GA/ HbA1c ratio) was increased with the progression of liver fibrosis in patients with HCV-related CLD and non-alcoholic steatohepatitis. (27, 28) We also reported that the GA/HbA1c ratio was associated with the severity of the esophageal varices in HCVrelated cirrhotic patients.
(29) Furthermore, we recently focused on the amino acid imbalance in CLD, and found the BTR to be decreased with the development and progression of varices. (21) A low serum zinc concentration is a well-known metabolic disorder in patients with CLD, and previous studies reported the relationship between the progression of liver disease and the decreased zinc values in CLD patients. In patients with CLD, the blood zinc concentrations were lower in patients with liver cirrhosis or hepatocellular carcinoma than in patients with chronic hepatitis, (14) (15) (16) 30, 31) leading us to hypothesize that the reduced blood zinc value could be associated with the formation and progression of varices. Interestingly, supplementation with zinc has been shown to improve the prognosis of cirrhotic patients, as well as the cirrhosis-related symptoms. (11, 12, 16, 32) In patients receiving oral supplementation with zinc, maintenance of the serum zinc concentration at more than 80 µg/dl was the most important factor associated with cancer-free survival. (32) In the present study, we showed that CLD-patients with hepatitis virus infection already have a low zinc concentration before the progression to cirrhosis (Fig. 1) . We also showed that the value of zinc was decreased in line with the endoscopic severity of varices in patients with hepatitis virus-related compensated cirrhosis. These results were consistent with the previous reports regarding the relationship between a low serum zinc value and the progression of CLD from chronic hepatitis to liver cirrhosis. Our findings suggest that the zinc value is not only a parameter indicating an abnormal metal metabolism, but is also a simple parameter associated with various clinical conditions in hepatitis virus-related CLD patients, such as the histological stage of liver fibrosis and the severity of varices in the compensated cirrhotic patients. However, it remains unknown whether the findings in this study can be applied to patients with other etiologies, patients with less advanced fibrosis (F1-F3) and patients with decompensated cirrhosis.
There are several eminent markers of advanced liver fibrosis such as a platelet count, APRI and FIB-4 index. However, these parameters were not significantly different between the groups with or without (high-risk) varices (Table 3 and 4). Unlike that observed in HCV-positive patients, noninvasive biomarkers are sometimes reported to not sufficiently evaluate the degree of liver fibrosis in HBV-positive patients, (33, 34) and therefore the data obtained from HBV-positive patients may be at least partly responsible for our results. In addition, a recent cross-sectional, longitudinal cohort study concluded that the platelet count is not a sufficient non-invasive marker for varices. (6, 35) However, it is difficult to fully clarify the reasons, and a future study with a larger number of patients should be important, because the small number of enrolled patients may also affect the results.
It would be interesting if we could determine cut-off values of the zinc concentration available as an alternative to EGD examinations. We performed the receiver operating characteristic (ROC) analyses in order to determine the optimal cut-off values based on the following criteria: "with or without varices" and "with or without high-risk varices". Although we obtained possible cut-off values (zinc values of 59.0 µg/dl and 56.0 µg/dl, respectively), it was not easy to identify the cut-off values of the zinc that had a sufficient diagnostic performance, perhaps because the relatively small number of patients were enrolled in the present study. Therefore, our results do not directly indicate that the zinc value alone can substitute for EGD examinations, and further investigations in a larger number of patients are important.
In summary, we have investigated patients with hepatitis virusrelated CLD and shown that the zinc value is associated with the histological progression of liver fibrosis and the severity of esophageal varices in compensated cirrhosis. The liver plays an important role in various aspects of metabolism; however, there have been only a few studies, including our previous reports that Table 4 . Characteristics of the hepatitis virus associated compensated cirrhotic patients with or without high risk varices Quantitative variables were expressed as the mean values ± SD or median (range). ns: not significant, APRI: AST to platelet ratio index, BTR: branched chain amino acids to tyrosine ratio. investigated the correlations between metabolic parameters and the presence of varices or the bleeding risk of varices. Future studies will be needed to examine the correlations of metabolic parameters with the presence of varices or the bleeding risk of varices in a larger number of patients.
